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(71) I, CLAUDE JOHN LANCELOT 
HUNT, a British subject of Romany, Cooks 
Lane, Kingstone, in the county of Hereford, 
do hereby declare the invention for v^hich I 
5 pray that a patent may be granted to me 
and the method by which it is to be pcrfoniied 
to be particularly described in and by tlie 
following statement: — 

This invention is concerned witli improve- 

10 ments in or relating to vacuum metallising 
or vacuum coating. 

In the conventional process of vacuum 
metallising or vacuum coating, the work- 
pieces are disposed in a processing chamber 

15 which is exhausted to high vacuum and whilst 
such high vacuum is maintained, electrically 
heated filaments vapourise the coating material 
and the vapour condenses on the work-pieces 
to form a thin coating of the material.' The 

20 pressure in the processing chamber is then 
relieved to atmospheric pressure so that the 
chamber can be opened to permit removal 
of the coated work-pieces, and, if required, 
a fresh loaded work-piece holder is then placed 

25 in a chamber and the cycle is recommenced. 
The work-pieces are normally supported on a 
work-piece holder which may include a fila- 
ment as^^mbly and a plurality of supports or 
jigs on which the work-pieces are suspended 

30 or otherwise located. In die cycle of the pro- 
cess the pressure within the processing cham- 
ber is firstly reduced by a roughing out opera- 
tion in which a roughing valve is opened to 
connect the chamber to a vacuum pump. 

35 When a predetermined low pressure is 
reached the roughing valve is closed and fur- 
ther reduction of the pressure to high vacuum 
is carried out by opening a baffle valve 
of an oil diffusion pump. After the coaling 

40 has been effected, the processing chamber is 
relieved by closing the baffle valve and 
opening an air admittance valve. Various other 
valves, gauges etc. may be embodied in the 
apparatus to control tlie various sequences 

45 of operations in accordance with the par- 
ticular design of th^ apparatus. 
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There are two conventional types of 
apparatus used in vacuum metallising or 
vacuum coating processes. In one type of 
apparatus the processing chamber is fixed 50 
with a horizontal axis and the work-piece 
holder is loaded through a front opening door. 
In the other type of apparatus, the process- 
ing cliamber has a vertical axis and the 
chamber is verucally displaceable, whilst the 55 
work-piece holder is supported on a base plate 
to which the chamber is relatively raised or 
lowered. 

Despite substantial differences in the con- 
struction of both vypzs of apparatus, the 60 
cycle of the process steps is similar and it 
will be appreciated that the total time for 
a cycle is mainly dependent on the time taken 
to exhaust the processing chamber to high 
vacuum as the loading, unloading, and 65 
vapourisation steps are effected quickly. 

It is an object of tliis invention to pro- 
vide an improvement in a vacuum metal- 
lising or vacuum coating process whereby the 
total cycle time is reduced and to provide 70 
a substantial improvement in the operation 
and construction of vacuum metallising or 
vacuum coating apparatus. 

A further object of this invention is to 
provide for more efficient use of apparatus, 75 
especially the oil diffusion pump, by utilis- 
ing the pump effectively during the whole of 
the processing cycle, and to increase the 
efl5ciency of the pump by eliminating the 
conventional requirement of baffle valves asso- 80 
dated witii the pump. 

According to this invention I provide a 
vacuum metallising or vacuum coating pro- 
cess for coating work-pieces with a coating 
material by vapourisation of the material 85 
at high-vacuum including the steps of: — 

reducing the pressure in a processing 
chamber to a predetermined low pres- 
sure; 

further reducing the pressure in the pro- 90 
cessiiig chamber by connecting the pnj- 
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cessing chamber to a reservoir of sub- 
stantial capacity which is at a high 
vacuum and which is being evacuated by 
pump means; 

further reducing the pressure to a pre- 
determined - high vacuum as required 
during vapourisation by evacuating both 
the processing chamber and the reser- 
voir b}^ the pump means; 
isoladng the processing chamber from 
the reservoir before the predetermined 
high vacuum in the processing chamber 
is to be relieved; 

and continuing the evacuation of the 
reservoir by the pump means to main- 
tain and hnprove the high vacuum there- 
in whilst the processing chamber is 
relieved to atmospheric pressure. 

la this invented process the processing 

20 chamber is roughed out in the conventional 
manner until die predetermined low pres- 
sure is readied. When the processing chamber 
is connected to the high vacuum reser\'oir 
there is an immediate substantial reduction 

25 in the pressure in the processing chamber 
because equalisation of pressures in the pro- 
cessing chamber and the reservoir occurs. 
The further reduction in pressure required 
to achieve the predetermined high vacuum 

30 is obtained by the pump means which 
evacuates both the processing chamber and 
the reservoir. 

In certain respects the high vacuum reser- 
voir may be generally regarded as a booster 

35 which very effectively shortens the cycle time 
for the stage in which the processing cham- 
ber i? evacuated from the low pressure to tlie 
required high vacuum. 

In the invented process, the immediate 

40 reduction in the pressure in the processing 
chamber when equalisation of the pressures 
occurs, results in a high rate of de-gassing. 
It will be appreciated that the various pans 
of the apparatus which are exposed to the 

45 auaosphere during the processing cycle, such 
as the v^^ork chamber walls, work-pieces and 
the v.'ork-piece holder will have gases 
entrapped therein. At equalisation of the 
pressures, the densitj'- of gas in the com- 

50 binsd volumes of the reservoir and the pro- 
cessing chamber is suddenly reduced and this 
promotes farther de-gassing. In the conven- 
tional process these gases are only gradually 
released as the pressure in the processing 

55 chamber is gradually reduced to the pre- 
determined higji vacuum. In the invented pro- 
cess no effective pumping time is required 
to achieve a substantial part of the de-^ssing, 
or to achieve tfie substantial reduction in 

60 the pressure of die processing chamber^ to 
the equalisation pressure. Thus tlic time 
taken for that stage of the cycle including de- 
gassinc: and evacuation of the processing 
diamber from the low pressure to the pre- 



determined high vacuum by the pump means 65 
is considerably less than in die aforementioned 
conventional process, 

Additionaliv, when the prccessiag chamber 
is isolated from die reservoir, the pump means 
continues to do effective work by maintaining 70 
the high vacuum in the reservoir, and improv- 
in<x said high vacuum so tiiat the differential 
between the predetermined lov/ pressure and 
said high vacuum is increased. 

In ilie aforementioned convcniional pro- 75 
cess, the pump means constituted by one 
or more oil diffusion pumps is kept running 
durinj? the processing steps in which no effec- 
tive work is done by the pump means. Plow- 
ever, with ihu invented process the pump 80 
means are utilised more clliciently as through- 
out the cvcle of the process steps the pump 
means is effectively working by eitiier mairi- 
taining and improving the high vacuum in 
the reservoir, or by exhausting the reservoir 85 
and tlie processing chamber to the predeter- 
mined hii:h vacuum. Furthermore, as the 
equalised "pressure is lower tlian the pre- 
determined low pressure, the oil diffusion 
pump can also operate more eliicienily as 90 
tiieir critical backing pressure may be main- 
tained even on equalisation. 

According to a further aspect of this inven- 
tion I provide vacuum metallising or vacuum 
coating apparatus for coating work-pieces with 95 
a coating material by vapourisation of the 
material at high vacuum, said -apparatus 
comprising a processing chamber, a reser- 
voir and an isolation valve for connect- 
ing the proccfsing chamber to the reservoir, 100 
the reservoir having a substantial capacity 
and pump means conneaed to the reservoir 
for evacuating the reservoir, tiie arrangement 
being such that when the isolation valve is 
open the processing chamber and the rcscr- 105 
voir are evacuated to a predetermined high 
vacuum by the pump means, and the isolation 
valve is closed before the processing chamber 
is relieved to atmospheric pressure whilst high 
vacuum in the reservoir is maintained and 110 
improved by the pump means. 

In referring to tiic reservoir having "a 
substantial capnciiy" it is intended that ihc 
volume of the reservoir be sufficient to obtain 
an equalisation pressure substantially lower 115 
than the low pressure in the processing cham- 
ber when the processing chamber and the 
reservoir arc connected on opening of the iso- 
lation valve. It is envisaged that the volume 
of the reservoir should be more than half 120 
the volume of the processing chamber. 

Preferablv, to promote efficient working 
of the apparatus said pump means comprises 
at least one oil diffusion pump connected to 
a holding rotary' pusnp and the oil diffusion 125 
pump or pumps does not include a baffle 
valve. 

Additicnally, as the capacity of the reservoir 
is to be substantial it will be large and thus 
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It may be inconvenient to have it in the 
vicinity of tlie processing chamber where 
work-pieces are being handled. 

Accordingly, the reservoir includes a pres- 
5 sure tank connected to the pump means and 
ducting connecting the pressure tank to said 
isolation valve, and the isolation valve is 
disposed in a section of the ducting remote 
from the pressure tank and delininR an iso- 
10 lation chamber. 

This apparatus may be of the kind where- 
in said processing chamber is iixed, has a 
substantially horizontal axis and has a clos- 
able port through v/hich work-pieces may be 
15 loaded or unloaded. 

Alternatively, the apparatus may be of 
the kind wherein the processing chamber has 
a substantially vertical axis and is arranged 
for vertical displacement between a lowered 
20 position engaging a work table and a raised 
position whereby work-pieces may be loaded 
on or unloaded from the work table. 

Other features, advantages and details of 
this invention will be apparent from the pre- 
25 ferred embodiment of the apparatus described 
herein. 

In order that this invention is clearly under- 
stood, an exemplary embodiment will now be 
described with reference to the accompany- 
30 ing drawings wherein : — 

Figure 1 is a diagrammatic front eleva- 
tion of vacuum metallising apparatus of the 
vertical type with the processing chamber 
lowered and with certain parts being sec- 
35 tioned for clarit5'; 

Figure 2 is a diagrammatic side elevation 
of the apparatus depicted in Figure 1; 
^ Figure 3 is a diagrammatic front eleva- 
tion of the apparatus depicted in Figure 1 
40 with the chamber in a raised position; 

Figure 4 is a diagrammatic side elevation 
of Figure 3; 

Figures 5, 6 and 7 are schematic perspec- 
tive views of the apparatus depicting the 
45 directions of flow in three different stages of 
the process cycle,. 

Certain features of the apparatus now to 
be described are the subjea of another appli- 
cation of Patent numbered 57887/70 fScrial 
50 No. 1,321,486). 

The apparatus comprises a processing cham- 
ber 1 of bell-jar configuration which is 
arranged to be displaced vertically from the 
lowered position as depicted in Figures 1 and 
55 2 to a raised position as depicted in Figures 
3 and 4. The chamber 1 is raised or lowered 
by a pneumatic cylinder 2 connected by 
chains 3 to a guide block 4 auached to a 
mounting 5 one side of the chamber 1. The 
60 chains 3 extend over a jockey wheel 6 
mounted on a vertical gantry 7, and the guide 
block 4 engages with vertical guides extend- 
ing along one side of the gantry 7. 
When the chamber 1 is in the lowered 
65 position it is supported on a work table 8, 



and when the chamber 1 is evacuated it is 
sealed to the work table by the engagement 
of a peripheral flange 9 of the chamber with 
the upper face of the work table 8 which has 
a complementary sealing face. 70 

The work table S is provided with a pair 
of spaced rails 10 by which a wheeled work- 
piece holder 11 may be supported and trans- 
ferred to and from the processing chamber 
when the chamber is in the raised position. 75 

As is best shown in Figure 1^ the work-piece 
holder 11 comprises a base plate 12 on the 
underside of which sets of wheels 13 are 
mounted. An upper plate 14 is supported 
from the base plate 12 by a number of 80 
spacer rods of which one is a conductor 
rod 15 connected to a ccntraDy disposed 
filament assembly 16. The filament assembly 
16 comprises a pair of conductor rods 17 
between which a plurality of filaments 18 85 
are connected and on which the coating 
material, such as altmiinium wire, may be 
supported. The conductor rods 17 are con- 
nected into an electric circuit by means of 
a pick-up on tlie base plate 12 and the con- 90 
ductor rod 15, a brush box connection 19 on 
the upper plate 14 and an earthing connection 
to the apparatus. 

Surrounding the filament assembly 16 is 
a number of work-holders 20 such" as jigs 95 
which are suitable for mounting the articles 
to be coated. In this apparatus, both the 
filament assembly 16 and the work-holders 20 
are adapted to be rotated by means of .a 
driving chain arrangement (not shown) 100 
engageable with a drive shaft 21 a gear box 
22 coupled to an eiecixic motor 23 mounted 
underneath the work table 8. 

The work table 8 is provided with a central 
port 24 which is connected by ducting 25 105 
to an air admittance valve 26 and a roughing 
valve 27 which will be referred to later in 
more detaiL 

The front portion of the chamber wall 
includes an observation porthole 28, and the 110 
rear portion is formed with a relatively large 
port 29 constitutmg the entrance to a passage- 
way 30 leading to an auxiliary chamber 31. 

The lower edge of die auxiliary chamber 
31 has a flange 32 which provides a seating 115 
for engagement with a complementary seating 
on a flange 33 on the upper end of one limb 
34 of an elbow ducting 35. The end of the 
otiier limb 36 of the elbow ducting is con- 
neaed to a further elbow ducting 37 of similar 120 
but opposite crank which is connected to a 
cylindrical pressure tank 38. Two oil diffu- 
sion pumps 39, 40 are connected to the tank 
38, one at each end. 

As can be seen from Figures 5, 6 and 7, an 125 
isolation valve 41 is disposed in the one limb 
34 of the elbow ducting 35 which constitutes 
an isolation chamber. The valve 41 is vertic- 
ally displaceable by a operating rod 42 con- 
neaed to a lever 43 arrangement movable 130 
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by a pneumatic cr iiyclraulic cylinder 44. 
The isolation valve -11 is arranged to seat 
within the isolation chr.niber wlien ii is closed, 
and to be verticailv disphiced into a raised 
5 position ^'see Figure 7) wherein the isolation 
valve 41 extends into the auxiliary chamber 
31 at the end of the pai'suge 50 and at a 
position so as not to obscure the outlet port 
of the passage. . 

10 It should be noted that tlie actuation ot 
the isolation vah^e 41 is arranged for ' laii- 
safe" operation so that the valve autoniatic- 
all5^ closes should ihsre be a failure in the 
pnemnatic, hvdraulic and/cr electrical system. 

15 The ductins; 25 extending from the port 
24 in the work table S leads to the air admit- 
tance valve 26 which is opened or closed m 
respective parts of the processing cycle. The 
ducting 25 is also connected to the mam 

20 rotarv pumo 45 through the roughing valve 
27 which may be opened or closed at appro- 
priate parts of the processing cycle. A further 
ducting 46 is connected to tlie mahi rotary 
pump 45 and a small holding rotary pump 47, 

25 and a backin!? valve 4S which may be opened 
or closed in accordance with the processmg 
cycle is mounted in the connecting duct 46. 
The small holding rotary pump 47 is con- 
nected bv ducting 49 to both of the oil dit- 

30 fusion pumps 39, 40. , , i 

A processing cvcle will now be described 
and for this purpose it is to be assumed tliat 
the main rotary- pump 45, the small holdmg 
rotarv pump 4*7, and the oil diffusion pumps 

35 39, 40 are working. The apparatus includ- 
ing die various valves is in the position depic- 
ted in Figures 3, 4. and 5 with tlie process- 
in? chamber 1 raised and the reservoir com- 
prising the pressure tank 3S, the isolation 

40 chamber 34 and the interconnecting ducting 
are at high vacuum and are being so main- 

^ At^this stas;e of the process, tlie work table 
S mav receive the work-piece holder 11 on 

45 which the articles to be coated are mounted 
with tlie coating material being suspended 
on the filaments^ 17. The drive to the rotat- 
able work-holders and filament assembly is 
automatically engaged when the work-piece 

50 holder is placed in position. 

During this stage the air admittance valve 
26 is open whilst the roughing valve 27 is 
closed- Addidonalh', the isolation valve 41 
is dosed, it should be noted that atmospheric 

55 pressure also acts on the exposed valve boay 
to maintain it closed. Th2 backing valve 48 
is open so that the reservoir, comprising the 
pressure tank 3S and the lower isolauon 
chamber 34, is maintained under high vacuum 

60 as evacuation occurs through tlie two oil dif- 
fusion ptmips 39, 40 backed by Uie mam 
rotary pump 45 and also the small rotary 
holding pump 47. The chamber is then 
lowered into the position depicted in Figures 

65 1, 2 and 6. At this stage, the air admittance 



valve 26 is closed and the backing valve 48 
is closed. The roughing valve 27 is opened 
so that air is exhausted from the chamber 1, 
ilie passageway 30 and the auxiliary chamber 
31 bv the main rotary pump 45 connected 70 
to die port 24 in the work table 8. During 
this stage the isolation valve 41 is main- 
tained closed and high vacuum is maintained 
hi the reservoir by means of the oil diffusion 
pumps backed bv small holding rotary pump 75 
47 which is isolated from the main rotary 
pump 45 bv the closed backing valve 48. 

When die* pressure in the chamber has been 
reduced to a sufficiently low pressure, namely 
about 0.5' mm mercury, the roughing valve 80 
27 is closed. The backing valve 48 is opened 
and then the isolation valve 41 is opened. 

As soon as the isolation valve 48 is opened 
the pressure in the processing chamber 1 
is immediatclv further reduced as the rough- 85 
ing pressure at which the roughing valve 27 
is closed is substantially higher than the 
hidi vacuum maintained in the reservoir by 
the oil diffusion pump backed by the small 
holding pump 47. Evacuation of the connected 90 
system now proceeds in accordance with the 
flow lines indicated in Figure 7 showing air 
bein? evacuated from the processing chainber 
1 through the passageway 30 into the auxiliary 
chamber 31 and thus into the isolation cham- 95 
ber 34 and through the pressure tank 38 
into die oil diffusion pumps 39, 40 which are 
connected both to the small rotary holding 
pump 47 and the main rotary pump 45 which 
are now interconnected due to the open back- 100 
ing valve 48. 

When the required degree of high vacuum 
is attahied in the processing chamber, the 
electricity is supplied to the filaments and 
the drive to the work-holders 20 and the 105 
filament assembly 16 is commenced to rotate 
the work-holders and the filament assembly- 
VHien the filaments have been sufficiently 
heated, the coating material is vapouriscd 
and condenses on the articles carried by the 110 
work-holders. When the filaments have cooled 
suflicientlV:, the isolation valve 41 is closed 
and tlic "air admittance valve 26 is opened. 
When aunospheric pressure has been reached 
in the processing chamber and thus the pas- 115 
sagewav and the connecting chamber, the 
chamber niav be raised and the work holder 
removed for commencement of a further 
cvcle. 

'In the altemadvc t3^e of apparatus to 120 
which this invention may be applied, the 
processing chamber would comprise a cylin- 
drical chamber supported so that its axis 
v/as substantially horizontal and having a 
closable front port dirough which work-pieces 125 
could be loaded. The rear or top of the 
chamber would be connected through a port 
to an auxiliary* chamber in which an isola- 
tion valve mounted in an isolation chamber 
would be operable. The arrangement and the X30 
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process would be substantially the same as 
that described in the foregoing embodiment 
except that there would be no separation of 
the auxiliary chamber and the isolation 
chamber v;hcn the isolation valve was closed 
as the processing chamber is fixed. 

The various sequential operations of the 
valves may be conirolled automatically by 
a control arrangement which is responsive to 
pressure obtaining in the various parts of the 
apparatus, and v/hich can accommodate the 
required time delays. Such a sequence con- 
troller is the subject of my complete specifi- 
cation published under Number 1,268,651. 
^ There ^ arc various features of may inven- 
tion which are of especial importance. It 
should be noted that during the whole period 
of a cycle the pressure tank and isolation 
chamber are not opened to atmosphere, also 
the oil diffusion pumpb are operated con- 
tinuously and thus it is not necessary to 
provide any baffle valves for the oil diffu- 
sion pumps which inherently reduce efllciency. 
Furthermore, because the total cycle time is 
considerably reduced compared with the con- 
ventional apparatus and processes, my inven- 
tion enables larger processing chamber to 
be used to increase tlie work holding capacity. 

WHAT I CLAIM IS: — 

1. A vacuum metallising or vacuum coat- 
ing process for coating work-pieces with a 
coating material by vapourisation of the 
material at high vacuum including the steps 
of: — 

reducing the pressure in a processing 
chamber to a predetermined low pres- 
sure; 

further reducing the pressure in the pro- 
cessing chamber by connecting the pro- 
cessing chamber to a reservoir of sub- 
stantial capacity which is at a high 
vacuum and which is being evacuated by 
pump means; 

further reducing the pressure to a pre- 
determined high vacuum as required 
during vapourisation by evacuating both 
the processing chamber and the reser- 
voir by the pump means; 
isolating the processing chamber from 
the reservoir before the predetermined 
high vacuum in the processing chamber 
is to be relieved; 

and continuing the evacuation of the 
reservoir by the pump means to main- 
tain and improve the high vacuum there- 
in whilst the processing chamber is 
relieved to atmospheric pressure. 

2. Vacuum metallising or vacuum coating 
apparatus for coating work-pieces with a coat- 
ing material by vapourisation of the material 
at high vacuum, said apparatus comprising 
a processing chamber, a reservoir and an iso- 



lation valve for connecting the processing 
chamber to the reservoir, the reservoir hav- 
ing a substantial capacity and pump means 
connected to the reservoir for evacuating the 
reservoir, the arrangement being such that 
when the isoir.tion valve is open the process- 
ing chamber and the reservoir are evacuated 
to a predetermined high vacuum by the pump 
means, and the isolation valve is closed before 
the processing chamber is relieved to atmos- 
pheric pressure whilst high vacuum in the 
rc:?ervoir is maintained and improved by 
the pump means. 

3. Apparatus according to claim 2 where- 
in said pump means comprises at least one 
oil diffusion pump connected to a holding 
rotary pnrnp and the oil diffusion pump/ 
pumps does/do not include a baffle valve. 

4. Apparatus according to claim 3 where- 
m said pump means further comprises a 
main rotary piunp conuecicd to the processing 
chamber through a roughing valve and con- 
nected to the oil diffusion pump or pumps 
dirough a backing valve so that when the 
roughing valve is closed and the backing 
valve is opened the main rotary pump and 
the holding rotary pump act through the oil 
diffusion pump or pumps to obtain said pre- 
determined high vacuum. 

5. Apparatus according to any one of 
clamis 2, 3 or 4 wherein the reservoir includes 
a pressure tank connected to the pump means 
and ducting connecting the pressure tank 
to said isolation valve. 

6. A.pparatus according to claim 5 where- 
in the isolation valve is disposed in a sec- 
tion of the ducting remote from the pressure 
tank and defining an isolation chamber. 

7. Apparatus according to any one of 
claims 2, 3, 4, 5 and 6 wherein the processing 
chamber includes a communicating auxiliary 
chamber adjoining an isolation chamber and 
the isolation valve is reciprocable into and 
out of said auxiliary chamber respectively on 
opening and closing movement. 

8. Apparatus according to any one of 
clanns 2 to 7, wherein said processing cham- 
ber is fixed, has a substantially horizontal 
asis and has a closable port through which 
work-pieces may be loaded ar xmloaded, 

9. Apparatus according to any one of claims 
2 to 7 wherein the processing chamber has a 
substantially vertical axis and is arranged for 
vertical displacement between a lowered posi- 
tion engaging a work table and a raised 
position v;hereby work-pieces may be loaded 
on or unloaded from the work table. 

10. Apparatus according to claim 9 where- 
in the processing chamber includes a port 
leading to a passageway coimecting the pro- 
cessing chamber to an auxiliary chamber, 
and wherein the isolation valve is mounted in 
an isolation chamber, the auxiliary chamber 
and the isolation chamber having comple- 
mentary scaling faces cngageable with each 



65 



70 



75 



80 



85 



90 



95 



100 



105 



110 



115 



120 



125 



10 



15 



1,321,640 



chamber is in 



other when the processing 
the lower position. 

11. Apparatus according to claim 10 where- 
in the isolation valve is operable by a rod 
extending through the isolation chamber 
which is connected to actuating means. 

12. Apparatus according to claim 11 where- 
in said actuating means is arranged for "fail- 
safe'' actuation. 

13. Apparatus according to any one of 
claims 9 to 12 wherein said chamber is sup- 
ported and guided for vertical displacement 
by a gantry on one side of the chamber and 
a hvdraulic or pneumatic ram connected to 
the chamber through a flexible connection 
serves to displace the chamber. 



14. Apparatus for vacuum metallising or 
vacuum coating substantially as hereinbefore 
described with reference to the accompany- 
ing drawings. 

15. A vacuum metallising or vacuum coat- 
ing process substantially as hereinbefore des- 
cribed with reference to the accompanying 
drawings. 

BARKER^ BRETTELL & DUNCAN 
Agents for the Applicants 
Chartered Patent Agents 
16, Greenfield Crescent 

Edgbaston 
Birmingham, B15 3BA 
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